1 Description A PRETENSI ONI NG SYSTEM FOR SYNCHRONI ZATI ON AND PCSI TI ONY' G
SYSTEM 5 10 Technical Field The present invention relates to el evator, ”‘/) <
systens and, nore particularly, to novenent and positioning of el evat-(fr/" r
doors therefor. 15 Background of the Inygention In conventional elevator
systens, elevator car doors are opened and cl osed by door operators which

are el ectronechani cal devices that use a rotary electric n?[_“g SHE‘FPhﬂgiEE@N
drive linkages, 20 and a controller box. In a tw door center
bi -parting configuration, the electric notor drives one o1

doors through the mechanical |inkage that is attached onto that door. The
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Cross-Reference to Related Applications

This application is related to commenly cwned co-gending
applications filed on the same day herewith having Serial Numbers:
(OT-2681) and (OT-2680).
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Technical Field
The present invention relates to elevater systems and, more
particularly, to mevement and pcsitioning of elevater car dcors

therefor.
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Backgreund of the Invention
In conventional elevator systems, elevator car doors are
opened and closed by door operators which are electromechanical

devices that use a rotary electric motor, mechanical drive linkages,
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and a controller box. In a two door center opening bi-parting
configuration, the electric motor drives one of the elevator car doors
through the mechanical linkage that is attached onto that door. The
other door is physically puiled by a relating cable extending over two
pulleys with one end of the cable attaching onto one elevator car door

25 and the other end attaching onto the second door.
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ot her door is physically pulled by a relating cable extending over two
pulleys with one end of the cable attaching onto one el evator car door 25

. and .t he other end attaching onto the second door. 2 The relating cable
I's usually secured to the el evator car gdoors by nmeans of tie rods so that
tension in the cable can be adjusted periodically. Typically, an el evator
mai nt enance person perfornms a visual inspection of the door operation and
of tension in the cable. If 5 the mai ntenance person observes that the
relating cable is either too tight or too | oose, he/she readjusts the cable
I n accordance with his/her visual observations. Although such process of

adj ustnent of the relating cable is tine consum ng, |abor intensive, and

| eaves some margi n fioe @abng ceblenissupedlly seeyiiast ® theetl@lyadon ¢ry @0t i ng
cable was 10 rimarily used, for physicall ul 1i t he ,second, door to
ei ther open or bgl@?@ﬂsp%stlet [Qfifss0 \¢gsion nﬁ'}?ecﬁgﬁaa??’ﬁ&ec% HE'€% to be
utilized for periodically. Typically, an elevator maintenance person performs a

visual inspection of the door operation and of tension in the cable. If
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the maintenance perscn observes that the relating cable is either too
tight or too loose, he/she readjusts the cakle in accordance with
his/her visual observations. Although such prccess of adjustment of
the relating cable is time consuming, labor intensive, and leaves some
margin for error, it has been adequate, because the relating cable was
10 primarily used for physically pulling the second door to either cpen or
closed positicns. However, if the relating cable is to be utilized for
other purposes, an improved technigue for setling proper tension in
the relating cable is desired. Furthermore, for socme applications it is
critical to maintain a predetermined tension in the relating cable
15 throughout the operation of the elevator car door system to minimize

slippage between the pulleys and the relating cable.

Disclosure of the Invention
It is an object of the present invention to improve and simplify a
20 technique for setting and maintaining proper tension in a relating cable
of an elevator car door system.

It is another object of the present invention to minimize slippage
between the relating cable and pulleys of the elevator car door
system.

25 According to the present invention, a pretensioning system for a

relating cable synchronizing movement of elevator car doors includes



ot her purposes, an inproved technique for setting proper tension in the
relating cable is desired. Furthernore, for sonme applications it is
.critical to maintain a predetermined tension in the relating cable 15
t hroughout the operation of the el evat car door systemto mnimze
sl i ppage between the pulleys and the relating cable. D sclosure of the
Invention It is an object of the present invention to inprove and sinplify
a 20 technique for setting and mai ntaining proper tension in a relating
cable of an elevator car door system It is another object of the present
invention to mnimze slippage between the relating cable and pull eys of
the el evator car door system 25 According to the present invention,
a pretensioni ngas:psmprresfsdnn apriegaﬁmg spates dgpesadonzineg emivefnbet  of
el evator car doors include

relating cable to estabhsh a specific tension in the relating cable for

minimizing slippage between the relating cable and door pulleys. The

compression spring is placed on the end of the relating cable between
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a tension nut and a hitch. The spacer establishes spacing between
the hitch and the tension nut so that when the spring is compressed to
the length of the spacer, a predetermined tensicn in the relating cable
is maintained.

The present invention allows the relating cable to ke exactly
10 tensioned and, therefore, minimizes slippage between the relating
cable and pulleys.

One major advantage of the present inventicn is that it
eliminates the need for a trial and errcr tensioning method and
replaces visual tensicn setting with an exact method therefor.

Another advantage of the present mventlon is'that it is cost
efficient. First, the time spent by the maintenance person is
significantly reduced during initial installation and during periodic
adjustments. Second, the pretensioning system itself is not costly.

The foregoing and other advantages of the present invention
20 become more apparent in light of the following detailed description of
the exemplary embodiments thereof, as illustrated in the

accompanying drawings.

Brief Description of the Drawings

23 FIG. 1is a schematic, perspective view of a door system;



a conpression spring and a spacer disposed on one end of the relating cable
to establish a specific tension in the relating cable for m nim zing

sl i ppage between the relating cable and door pulleys. The conpression
spring is placed on the end of the relatjng cable between 5 a tension
nut and a hitch. The spacer establishes Spacing between the hitch and the
tension nut so that when the spring is conpressed to the length of the
spacer, a predeternmned tension in the relating cable is maintained. The
present invention allows the relating cable to be exactly 10 tensioned
and, therefore, mnimzes slippage between the relating cable and pull eys.
One mgj or advantage of the present invention is that it elimnates the need

for a trial and erroFlGeBssancugaweyhechamdtice pbagasctivesvaly bR gBopet ti ng
wi th an exact nethod therefor. 15 Anot her advant age of the present

i nvention is thaystemo§ FiGst! istiudingm pretensioningdevicee axpendiniytot the
mai nt enance person | .si%anipan |y reduced during initial installation and
during periodicpgﬁi t pUon nd, the pretensioning systemitself is not

costly. FIG. 3 is an enlarged, schematic, perspective view of the

'5  pretensioning device of FIG. 2 circled in a broken line 3.

Best Mode for Carrying Out the Inventicn
Referring to FIG. 1, a door system 10 for opening and closing a
first door 12 and a second door 14 includes a first door hanger 1€ and
10 asecond door hanger 18 for suspending the first and second dcors
12, 14 therefrom, respectively. The decor system 10 also includes a
first motor primary 20 and a second motor primary 22, each secured
onto the first and second door hangers 186, 18, respectively, and:a
motor secondary 24 secured onto a heéder bracket 28 which is
15 attached onto an elevator car (not shown). -
Referring to FIG. 2, a synchronization system 36 includes a first
pulley 38 and a second pulley 40, each attached to the header bracket
28 and disposed on opposite ends thereof. A relating cable 46 having
a first end 48 and a second end 50 extends over the first and second
20  pulleys 38, 40 to form a substantially continuous loop with an upper
loop portion 52 and a lower loop portion 54. The pulleys 38, 40 are
lined with high friction polymer liners 59. A first door hitch 60 fixedly
attaches the lower loop portion 54 of the relating cable 46 onto the
first door hanger 16. A second hitch 62 secures the first relating cable

25 end 48 and the second relating cable end 50 onto the second elevator
car door hanger 18.



The foregoi ng and ot her advantages of the present invention 20 becone nore
apparent in light of the follow ng detail ed description of the exenplary

.enbodi nents thereof, as illustrated in the acconpanyi ng draw ngs. Brief
Description of the Draw ngs 25 RKG 1 is a schematic, perspective
view of a door system FIG 2 is a cut-away, schematic, perspective view

of the door systemof FIG 1 including a pretensioning device, according to -
the present invention; and FIG 3 is an enlarged, schenmatic, perspective
view of the 5 pretensioning device of FIG 2 circled in a broken |ine 3.
Best Mode for Carrying Qut the Invention Referring to FIG 1, a door system
10 for opening and closing a first door 12 and a second door 14 includes a
first door hanger 16 Refering ta Fecdnthelbiost nedating cable end Afkisclierdy t he

first and Seconcsl.e%%%g within a first tie rod 66 that includes a threaded end 68

screwed into a first threaded opening 69 in the second door hitch 62

and secured therein by means of bolts. The second relating cable

n

end 50 is fixedly secured within a second tie rod 70 having a threaded
end 72. The second tie rod 70 protrudes through a second threaded
opening 73 formed within the second dcor hitch 62. A pretensioning
device 74 includes a compression spring 76 and a spacer 78 which
are disposed between the tie rod end 72 and the second dcor hiich 62
10 and are secured thereon by means cf a tension nut 80 and a leck nut
82.
In operation, the linear motor drives the elevator car doors 12,
14 into open and closed positions. Each motor primary 16, 18 moves
each respective elevator car door 12, 14 in opposite directions. As
15 the elevator car doors 12, 14 travel in opposite directions, the relating
cable 46 pulls the docrs 12, 14 to synchronize their movement. The
simultaneous response of-both doors is achieved when the
synchronization system 36 and the pretensioning device 74 ensure a
no slip condition. The synchronization system 36 includes the high
20 friction polymer liner 59 to minimize the slippage between the pulleys
38, 40 and the cable 46. The pretensioning device ensures that the
optimum tension for a no-slip condition in the cable is set initially and
can be easily adjusted during regular maintenance.
To calibrate appropriate tension in the relating cable 46 during
25 initial set up, the first end 48 of the relating cable 46 is secured within

the first threaded opening 69 of the hitch 62 and adjusted to take up



12, 14 therefrom respectively. The door system 10 al so includes a first
notor primary 20 and a second notor primary 22, each secured onto the first
.and second door hangers 16, 18, respectively, and a notor secondary 24
secured onto a header bracket 28 whichg4s 15 attached onto an el evator car
(not shown). Referring to FIG 2, a synchronization system 36 includes a
first pulley 38 and a second pulley 40, each attached to the header bracket
28 and di sposed on opposite ends thereof. A relating cable 46 having a
first end 48 and a second end 50 extends over the first and second 20
pul l eys 38, 40 to forma substantially continuous |oop with an upper | oop
portion 52 and a |l ower |oop portion 54. The pulleys 38, 40 are lined with
high friction pslagkerTheéméns sB8ond dnd 50 odane rkldtoig 68blel 428 insarteahes t he
| ower | oop portion 54 of the relating cable 46 onto the first door hanger
16. A second hi thtAugh thecaaasnd Weeadedtopasing iffgotis Bt 62:edprdruged t he

second relating cable end. 50 ontg the second. el ator car door hanger 18.
gtherefrom with 81e precfensmnmg device ?X ptlace on the protruding

second end 50 of the relating cable. The tension nut 80 is placed on
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the second end of the cable to maintain the pretensioning device
thereon and is adjusted until the coil compression spring 78 is
compressed to meet the length of the spacer 78. When the
compression spring is compressed to the length of the spacer, the
optimal tension for a no-slip condition is established. To secure the
10 load on the spring, which equals the tension load on the cable, lock
nut 82 is tightened to meet the hitch 62. During regular maintenance,
the maintenance person has to ensure that the tension nut 80 has not
become loose, and that the spring remains compressad to the length

of the spacer.
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The length of the spacer 78 is dictated by the spring constant of
the coil compression spring 76 so that when the spring is compressed
to the length of the spacer, the tension of the relating cable (which
equals compression load of the spring) ensures a no slip condition.
To ensure no slip condition and to minimize stretching of the relating
20 cable during operation of the elevator car doors, a prestretched

aircraft cable, having a three millimeter (3 mm) diameter, is used. An
effective type of high friction polymer for fabricating pulley liners is
urethane.
While the present invention has been illustrated and described
25 with respect to a particular embodiment thereof, it should be

appreciated by those of ordinary skill in the art, that various



5 Referring to FIG 3, the first relating cable end 48 is fixedly secured
within a first tie rod 66 that includes a threaded end 68 screwed into a
first threaded opening 69 in the second door hitch 62 and secured therein
by neans of bolts. The second relatingscable 5 end 50 is fixedly secured
within a second tie rod 70 having a threaded end 72. The second tie rod 70
protrudes through a second threaded opening 73 fornmed within the second
door hitch 62. A pretensioning device 74 includes a conpression spring 76
and a spacer 78 which are disposed between the tie rod end 72 and the
second door hitch 62 10 and are secured thereon by neans of a tension nut
80 and a lock nut 82. In operation, the linear notor drives the el evator
car doors 12, 14nodificatipes tarnbischoeatioponayitmmadenefthoot depariimgaifnom6, 18
nmoves each respective elevator car door 12, 14 in opgosite directions. As
15 the el evat ortheapidbang scepeif thegquesent inygisisin. eFar esampiasalthaegh

relating cable 4 ull,s the doors 12, 14 t nchroni ze .t hej r .novenent. The
g €8 tgepbest mode embodiment cjfeplc?s ?R/e pretensioning devxce operating

on a deor system driven by a linear motor, the present invention can

wh

be implemented on any type of a door operating system where
slippage between cable and pulleys must be minimized. Also, the
best mode embodiment depicts a two door center opening bi-parting
configuration. The pretensioning system of the present invention is
applicable to other door configuraticns, such as a single slide door, as

10  well



si mul t aneous response of both doors is achieved when the synchronization

system 36 and the pretensioning device 74 ensure a no slip condition. The
synchroni zation system 36 includes the high 20 friction polyner liner 59
to mninmze the slippage between the pyleys 38, 40 and the cable 46. The

pretensU!m ml,mm,ﬂmures that the optimumtension for a no-slip

condi ti aiartd, s set initially and can be easily adjusted during
regul ar mai nt enance.” TG calibrate appropriate tension in the relating cable
46 during 25 initial set up, the first end 48 of the relating cable 46 is
secured within the first threaded opening 69 of the hitch 62 and adj usted
to take up - 6 slack. Then the second end 50 of the relating cable 46 is

i nserted througlyehgaipgecond threaded opening 73 of the hitch 62 to protrude
therefromwi th the pretensioning device 74 placed on the protrudi ng second
end 50 of the relatirg calf pret&heidnemgisgstemtfoB@ resatmqcabieosynchronizing

movement of elevator car doors in an elevator system, said relating
cable extending over a first pulley and second pulley and attaching to
each of said elevator car dcors by means of a first and a second hitch,

said relating cable having a first cable end secured in a first threaded

wn

tie rod and a second cable end secured in a secend threaded tie rod,
said first threaded rod and said second threaded rod secured with
said first hitch, said pretensioning system comprising:
a compressicn spring disposed atout said first tie red and
10 secured between said first hitch and a tension nut; and
a spacer dispcsed on said first tie red between said first hitch
and said tension nut to establish spacing between said first hitch and
said tansion nut so that when said spring is compressed to the length
of said spacer a predetermined tension in said relating cable is
15 maintained.

2. The pretensioning system according to claim 1, further
comprising a lock nut adjacent to said first hitch, said lock nut adjusted

to lock said pretensioning system in place.



5 the second end of the cable to maintain the pretensioning device
thereon and is adjusted until the coil conpression spring 76 is conpressed
to nme uLu mnﬁmnﬂmt he spacer 78. \When the conpression spring is
corrpram mll th of the spacer,gthe optinmal tension for a no-slip
conditrontis- edtablidhed. To secure the 10 |oad on the spring, which
equals the tension | oad on the cable, lock nut 82 is tightened to neet the
hitch 62. During regul ar mai ntenance, the naintenance person has to ensure
that the tension nut 80 has not becone | oose, and that the spring remains
conpressed to the length of the spacer. 15 The | ength of the spacer
78 is dictated by the spring constant of the coil conpression spring 76 so
that when the spring3is céonfeskeddon setting piepgriessionia & paledng ealdet ensi on

of the relating cable (which egualr;zt cfoqgre sion | oad.of the s?ri n ensures
a no slip condi BYBRNORIZIBRSHPYEREEIQTRIBYAM G HOMNT T e RVAQSYESIEBL.chi ng

of the relati ngP%&aﬁégégﬁcth@%FﬁgﬁéB%' n of the elevator car doors, a

prestretched ai htee millimeter (3 mm) dianeter, is

used. An effective tygeufihghi ftiie @id SfaBRby Bhito BOfrst 8RG GRLdiBG R PY
25 cable onto a hitch secured to a door hanger;
securing a secend tie rod attached onto a second end of said
relating cable onto said hitch;
adjusting said first tie rod of said relating cable to take up slack;
adjusting a tension nut disposed on said second tie rod of said
50 relating cable until a ccmpression spring is compressed to the length
of a spacer placed tetween said tension nut and said hitch; and
adjusting a lock nut adjacent to said hitch to secure said spring

in place.



uret hane. While the present invention has been illustrated and described 25
Wth respect to a particular enbodi nent thereof, it should be appreciated
by those of ordinary skill in the art, that various 7 nodifications to
“this invention may be nmade wi t hout depqﬁting fromthe spirit and scope of
the present invention. For exanple, although the best nbde enbodi nent
depicts the pretensioning device operating on a door systemdriven by a

| inear notor, the present invention can 5 be inplenmented on any type of a
door operating system where slippage between cable and pul |l eys nust be

m nimzed. Al so, the best node enbodi nent depicts a two door center opening
bi -parting configuration. The pretensioning}s stem of the present invention
is applicable to other door confifosEacbat] &6miasur@ single slide door, as

10 vell. 35 A PRETENSIONING SYSTEM FOR
SYNCHRONIZATION AND POSITIONING SYSTEM

A pretensioning system for a relating cable synchronizing
movement of elevator car doaors includes a compression spring and a
40 spacer disposed on one end of the relating cable. The compression
spring is compressed to the length ¢f the spacer disposed internaily to
the spring to calibrate tension in the relating cakle so than a no-slip

condition is ensured.

(Fig No. 3)



W claim 1. A pretensioning systemfor a relating cable synchronizing
novenent of elevator car doors in an elevator system said relating cable
extending over a first pulley and second pulley and attaching to each of
said el evator car doors by neans of a first and a second hitch, 5 said

rel ating cable having a first cable end secured in a first threaded tie rod
and a second cable end secured in a second threaded tie rod, said first

t hreaded rod and said second threaded rod secured with said first hitch,
sai d pretensioning systemconprising: a cgjnéession spring di sposed about
said first tie rod and 10 secured between/sdaid first hitch and a tension
nut; and a spacer disposed on said first tie rod between said first hitch
and said tension nut to establish spacing between said first hitch and said
tension nut so that when said spring is conpressed to the Iength of said
spacer a predetermned tension in said relating cable is




15 nwi ntai ned. 2. The pretensioning systemaccording to claim?, further
conprising a lock nut adjacent to said first hitch, said | ock nut adjusted
to | ock said pretensioning systemin place. 20 3. A nmethod for setting
proper tension in a relating cable synchroni zing novenent of el evator car
doors in an el evator system said nethod conprising steps of: securing a
first tie rod attached onto a first end of said relating 25 cable onto a
hitch secured to a door hanger; securinq%?g?econd tie rod attached onto a
second end of said relating cable onto s hitch; adjusting said first tie
rod of said relating cable to take up sl ack; adjustlng a_tension nut

di sposed on said second tie rod of said 30 relatingca

conpression spring is conpressed to the length -Z




| ock nut adjacent to said hitch to secure said spring in place
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apglications-filed-on-the-same-day-herewith-having-Serist-Numeers:
(OT-2661)-and— {OF-2586):

10

echniczl Field

The prasent invention relates to elevator systems and, mcere
particularly, to movement and pesiticning of elevater car deors
therefor.

—
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Backgrcund of the Inventicn
In conventional elevator systems, elevator car docors are
opened and closed by door operaters which are electramechanical
devices that use a rctary electric motor, mechanical drive linkages,
20 and a centroller box. In a two door center cpening bi-parting

configuration, the electric motor drives one of the elevater car doors
through the mechanical linkage that is attached cnto that deer. The
cther decris physically pulled by a relating cable extending cver two

pulleys with one end of the cable attaching onto one elevatcr car doar

139
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and the other end attaching onta the second dcor.
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